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Memory System Comprising a P lurality of Memory Controllers and Method for 
Synchronizing the Same 

The invention relates to a memory system that is configured with a plurality of memory controllers 
disposed in parallel on a clocked bus and memory chips associated with the respective memory 
controllers, and that communicates via the bus with a host system by means of operational memory 
commands using logical memory sector numbers. 

The size of a memory system, connected to a host system, is limited by the characteristics of the 
memory controller. These memory controllers are designed very simple for reasons of cost- 
effectiveness and they usually have the following characteristics: 

up to 1 00 connector pins because inexpensive standard housings are used, 

up to 10 chip select signals for the selection of memory chips, 

up to 16 Kbytes internal RAM memory. 
Building larger systems with more than 10 memory chips requires additional external components, 
such as decoders, bus transceivers and possibly also RAM memory. 

From patent application publication DE 102 27 256.5, for example, a system is known, wherein the 
memory chips of a larger memory unit are connected to a controller via additional components. 
In patent document US 6,397,3 14, a system of memory chips on a controller is described, wherein 
the controller has a double- wide data bus in order to supply two memory chips with data in 
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parallel. This necessitates a non-standard memory controller, which requires additional connector 
pins. Furthermore, this system cannot be applied to still larger systems, since it is limited to two 
simultaneously addressable memory chips. 

The invention is based on the object of creating larger memory systems than can be implemented 
with only one standard memory controller, by combining multiple standard memory controllers 
without the use of additional components, wherein the maximum size is limited only by the number 
of utilized memory controllers. In order to manage with the number of connector pins prescribed by 
standard housings, only a minimum number of connector pins must be required for the 
interconnection of multiple memory controllers. 

This object is met according to the invention in such a way that the memory system is configured 
with a plurality of memory controllers disposed in parallel on a clocked bus and memory chips 
associated with the respective memory controllers, and communicates via the bus with a host system 
by means of operational memory commands using logical memory sector numbers, in such a way 
that, when a memory operation is requested by the host system, the memory controller affected with 
respect to a range of logical memory sector numbers takes over the bus for communication with the 
host system by means of arbitration. 

Advantageous embodiments of the invention are described in the subclaims. 

In PC systems, digital cameras, or similar equipment, referred to here as host system, a bus is used 
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to access a memory system and operational memory commands are used to communicate with it. 
This bus may be implemented as so-called PCMCIA interface, IDE interface, or the like. The 
various possible applications of the host systems call for a scalable memory. 
With the parallel connection of a plurality of memory controllers with their respective assigned 
memory chips in a number that is maximally administratable by the controller, a scalable memory 
size is achieved by using always identical memory controllers, which does not require any additional 
components as long as the physical specification of the bus is adhered to. The communication of the 
controllers with the host system takes place by using standardized commands^ whereby the memory 
is addressed using logical memory sector numbers. By means of an arbitration process, ranges of 
logical memory sector numbers are exclusively assigned to each memory controller. For host 
commands that affect the respective logical memory sector numbers, the assigned memory 
controller takes over processing of the command. The arbitration process ensures that all logical 
memory sector numbers are processed by one of the controllers in each case and that when a 
command is given, e.g., a read command for a memory range of multiple sector numbers, the 
controllers appropriately complement each, other and take over the bus at the proper point in time. 

Since there are a plurality of memory controllers that communicate with the host system, one of the 
memory controllers will advantageously be designated on the bus as the master. It carries out the 
communication with the host system as long as no other memory controller takes over the 
communication on the bus pursuant to the assigned memory sector number. More particularly, the 
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master performs and responds to memory operations that affect the memory system as a whole. 
Memory operations of this type are, for example, "Reset", "Initialize", "SetFeatures", Diagnose". In 
the case of some memory operations the commands are performed by all memory controllers, the 
communication regarding the status, however, is conducted with the host system only by the master. 

A significant advantage of the inventive implementation of the memory system is the use of only 
one line for arbitrating the bus between the memory controllers. This line is implemented as a tri- 
state line and has the three electric states "0", "1", "tri-state". The state "0" may then, for example, 
be assigned to the logical "reserved" of the bus and the state "1" to the logical "released". 
During initialization of the controllers, the controllers receive numbers that also establish the 
assigned range of logical memory sector numbers. For example, in the case of four controllers, 
controller 1 is assigned to memory sector numbers 0,4,8,12,..., controller 2 to memory sector 
numbers 1,5,9,13,..., controller 3 to memory sector numbers 2,6,10,14,..., controller 4 to memory 
sector numbers 3,7,1 1,15,... If, through a read command, sectors 4-1 1 are now to be read, controller 
1 first takes over the bus for memory sector 4 by pulling the tri-state line to "0". When the memory 
sector 4 has been transmitted, the controller releases the bus by switching the tri-state line to "1 " or 
to "tri-state". Controller 2 subsequently takes over the bus for memory sector 5 in the same manner. 
In this manner the bus is continually taken over successively by the controllers until all requested 
memory sectors, in this case through sector 1 1 , have been transmitted. 
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In order to achieve a clean switch of the control over the bus between the controllers, a shield time is 
advantageously maintained during which the tri-state line is driven in a defined manner to 
"released". The time constant of the tri-state line with a pull-up resistor is not short enough during a 
fast bus operation. An advantageous shield time is one length of a clock cycle on the bus. 

As described above, the memory controllers are advantageously assigned to logical memory sector 
numbers in such a way that successive memory sector numbers have different controllers assigned to 
them. In this manner as many logical memory sectors can be written or read quasi in parallel as 
memory controllers are available. In this manner, a high operating speed of the memory system is 
achieved. 

A particularly advantageous implementation of the memory system results when flash memories are 
used as the memory chips. With this type of memory, long write and erase times occur as compared 
to read times. Due to the interleaving of the operation of continuous logical memory sector numbers 
by different memory controllers and, therefore, also different memory chips, these write and erase 
processes occur quasi in parallel, which increases the speed of the overall memory system. The real 
memory sectors, also referred to as "pages", that are written into the flash chips may be several 
times the size of the logical memory sectors. 

A simple and cost-effective memory configuration results when the memory controllers are 
integrated together on a semiconductor substrate. With this type of configuration, the costs for the 
individual housings are eliminated, and the number of connector pins between them is of no 
importance. More particularly, additional control registers are then also provided on the 
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semiconductor substrate, whereby, for example, the sequence of the individual memory controllers 
on the bus is established and the master is designated. 

If such control registers do not exist, the designation of the master and establishing of the sequence 
of the memory controllers on the bus is established during initialization of the memory system by 
means of the following method: 

The initializing host system knows the size of the memory system and number of utilized memory 
controllers. The tri-state line is in the "released" state. The host system sends, over the bus, a 
designation command that is recorded by all connected memory controllers. The memory controllers 
determine a wait time based on a counter that counts the applied clock cycle. The memory controller 
whose wait time ends first, pulls the tri-state line to "reserved" for a specified length of time. It now 
has the memory controller number 1 and is also designated as the master. The other memory 
controllers register this process. The master sends to the host system a confirmation signal. In 
response, the host system repeats the designation command. The master now withdraws from the 
designation procedure. All other memory controllers again wait according to their internally set wait 
time. The memory controller that now has the shortest wait time again occupies the tri-state line and, 
accordingly, is assigned the next memory controller number. The master again confirms the process 
to the host system. The memory controller that has now received a controller number also withdraws 
from the assignment process. The host system repeats the process with the designation command as 
often as corresponds to the number of memory controllers. If the host system receives no 
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confirmation following a designation command because a controller number was issued in duplicate 
due to identical wait times, it repeats the entire process from the beginning. 



The wait time during the designation process is advantageously derived from a counter in the 
memory controller by means of a randomly set counter reading. The cycle that is incremented in this 
case is generated separately in each memory controller by means of a RC oscillator which, due to 
component tolerances in each case, does not run synchronously with the others. The likelihood of 
identical wait times, even in the case of an identical random number for the counter reading, is 
therefore extremely small. 

After the designation of the controller numbers, a so-called anchor sector is written into each 
memory controller, which then contains the information regarding the memory size according to the 
total number of logical sector numbers, the number of controllers, and the page size. With that, the 
memory controller has all necessary information to participate in the communication over the bus. 

The embodiment of the invention is described in the figures by way of example. 
Fig. 1 shows a block diagram of the memory system. 

Fig. 2 shows the supplemented block diagram with integration of the memory controllers on a 
semiconductor substrate, 

Fig. 3 shows a block diagram for the designation process of the memory controller numbers, 
Fig. 4 shows a flow chart for the designation process of the memory controller numbers. 
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In Fig. 1, the host system HS communicates over the bus B with the memory controllers SCx. The x 
stands for the consecutive numbers 1 through 4. The memory controllers SCx are connected in 
parallel on the bus B. Each memory controller SCx controls memory chips Fx, which are preferably 
implemented in flash technology. In addition to the bus B, the memory controllers SCx are also 
connected to the arbitration line BA ? which indicates the respective state "reserved" or "released". 
The line BA is implemented as a tri-state line with pull-up resistor. The first memory controller SCI 
is, at the same time, designated as the master M. 

Fig. 2 shows the same block diagram as Fig. 1, without the memory chips Fx. The memory 
controllers SCx are integrated here on the semiconductor substrate H. Additionally provided on the 
semiconductor substrate H is the control register KR, which contains for each memory controller 
SCx a field that contains the controller number Sx and the designation of the master M. These values 
are written into the control register KR during initialization of the. memory system. 

In Fig. 3 the components for the designation process of the memory controller numbers are 
illustrated in a block diagram. The evaluation logic AL in the respective memory controllers SCx 
monitors the commands from the host system HS that are transmitted over the bus B. Because of the 
pull-up resistance RP the idle state of the line BA equals "1". 

Each memory controller SCx has a clock oscillator OSZ, whose frequency is determined by the 
capacitor Cx and the resistor Rx. The cycle that is generated here is incremented in the counter Z 
until the counter reading has reached the value W prescribed by the evaluation logic AL. As soon as 
this value is reached, the transistor T is switched through and the arbitration line BA is pulled to"0". 
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The evaluation logic AL is also connected to the arbitration line BA and monitors the same 
regarding whether another memory controller SCx has previously driven the bus to "0". 

Fig. 4 is an illustration of the sequence of the designation of the controller numbers Sx. First the host 
system sends a reset command, which sets the repeat counter N to 0 in the connected controllers 
SCx. Afterwards the host system sends the designation command to the memory controllers SCx. 
They have been waiting for the command and increment the repeat counter by 1 . They start the 
counter Z. During the wait for the counter reading to reach the random value W, the, controller 
monitors the arbitration line BA. If the line BA takes on the state "0", another memory controller 
SCx has determined its controller number Sx and this controller returns to the wait mode. If the 
counter reading Z reaches the value W, this controller drives the arbitration line to "0" for a 
specified length of time and thus indicates that it has determined its controller number Sx. The 
controller number Sx corresponds to the value of the repeat counter N. The host system HS is sent a 
confirmation of the recording of controller number Sx. 

The host system HS monitors the bus B for a transmission confirmation. If no confirmation is 
received within a specified time limit, the host system restarts the designation process from the 
beginning. If the confirmation is received within the specified time, the host system registers this 
process. 

When the repeat counter N has reached the maximum value MAX corresponding to the number of 
specified memory controllers, the designation process is concluded. Otherwise additional 
designation commands will be sent. 
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List of Reference Numerals 

AL Evaluation logic 

B Bus 

BA Arbitration line for the bus 

Cx Capacitor on the oscillator x 

Fx Memory chips 

H Semiconductor substrate 

HS Host system 

KR Control register 

M Master 

Max Maximum number of memory controllers 

N Number of repetitions of the designation command 

OSZ Oscillator 

RP Pull-up resistor 

Rx Resistor on the oscillator x 

Sx Controller numbers 

SCx Memory controller 

T Transistor 

W Random number 

x I. A, consecutive number 

Z Counter 

= Comparator 
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